Abstract -Analysis of the impact of temporal gamma luminance on Fourier Transform Profilometry (FTP) Digital Video Projection (DVP) based structured light profilometers is undertaken. We investigate the spectral harmonic structure for typical DVP fringe d0 images linking projector -y and 2nd order fringe harmonics. The Ep validity of the presented study is verified through simulation, and subsequently we conclude that for typical projector -y, the 2nd order harmonic is the single most significant contribution to reconstruction error for the phase measuring technique. The impact of our analysis is further gauged by empirical measurement of the temporal variation of -y of a DVP device. \0
I. INTRODUCTION
Traditionally, structured light fringe patterns are often Crossed Optical Axes geometry utilised by many traditional generated using interferometric methods via a laser source. structured light profilometers. Noting that triangle EPECD An alternative to conventional laser projection is Digital Video Projection (DVP). DVP is a technology which has been and where q(x,y) and q0(x,y) are the phase modulations actively pursued in this particular field of research as it can relating to the diffuse surface to be profiled and the reference provide a number of key advantages. For instance, typical plane R respectively, for the case where lo > h(x). For digital video projectors are capable of projecting standard the sinusoidal case the following Equations represent the ideal 24 bit bitmap computer generated images and hence, when captured fringe patterns.
interfaced to a personal computer make a very affordable, flexible and robust projection source. However, for well g(x, y) = a(x, y) + b(x, y) cos [2wfox + 5(x, [7] . the geometric precision of projected fringe images is often All of the proposed solutions attempt to linearise the projector compromised due to non-linear luminance effects known as I camera luminance by treating the gamma luminance non-Gamma distortion. Furthermore, since the FTP method is linearity as a static phenomenon. In fact, practically, gamma reliant on digital filtering, inadequate filtering can result in luminance presents temporal aspects, varying from fringe image phase residual from higher order harmonics and hence, when to image and resulting in further reconstruction error. In this combining such technology it is important to understand the paper we analytically investigate the implications of temporal implications Gamma non-linearities impose. gamma and its impact on system accuracy for the well known FTP fringe processing algorithm. We subsequently verify our III. MODELING A 'y DISTORTED FRINGE findings via simulation, showing that the influence of only the 2nd order harmonic component needs to be considered for the -y In general, the gamma distortion of a digital display can be modeled fringe. To further gauge the impact of the temporal modeled using the simple power function seen in Equation (7) gamma variation, we empirically measure the variation for a typical digital video projector, and reconstruct a known surface.
8(x, y) = u(x, y), (7) forue [0, 1] II. PRINCIPLE FTP FRINGE PROFILOMETRY where u(x, y) is the normalised image delivered to the display The FTP fringe processing technique, obtains an estimate of device, -i(x, y) is the actual normalised image output intensity AC by processing the spatial displacement as a spatial phase distribution and -y is typically a fractional value 1 < -y < 3 displacement. The approach typically requires the projection of specific to the display device. Considering the FTP scenario a sinusoidal intensity distribution (although a Ronchi grating can where we typically have the projection of a sinusoidal intensity also be used) with spatial frequency fo, therefore Equation (1) distribution, Equation (7) 
+cm ( where cm (x, y) and com(x, y) are the functions representing the and hence using Equation (2) Figure 4 (d). As can be seen 20ms and a number of images of the projected fringe were the harmonic distortion significantly reduces the accuracy of obtained and the magnitude of p was measured. The variation the FTP method. The mean measurement error and standard in p is shown in Figure 5 . deviation was found to be 8.207mm and 5.191mm respectively. Based on the data obtained and displayed in Figure 5 , using The temporal variation of ty is distinctly observable in the Equation 9 we measured a maximum ty value of 2.47 and a rippled reconstruction of the reference plane surface around the outer edges of the surface. We will now show this rippling is patterns," Optics and Lasers in Engineering, vol. 15, pp. 241-251, 1991. in our experimental findings.
[8] Y. Hu, J. Xi, E. Li, J. Chicharo, Z. Yang, "Three-dimensional profilometry commonplaceHbased on shift estimation of projected fringe patterns," Applied Optics, vol. 45, no. 4, pp. 678 -687, Feburary 2006 .
VII. EMPIRICAL RECONSTRUCTION
To clearly demonstrate the rippling effect associated with the temporal spectral characteristics of the projected fringe distributions, we experimentally measure a simple surface using the FTP method. The spatial resolution of the captured fringe image was measured to be 0.1l94mmlpixel, yielding a spatial period of 17.1mm equating to a spatial frequency fo of 58.5 fringes/in. System parameters 10 and do were measured to be approximately 1c.405m and 0.465m respectively. The profiled surface was a convex dome shape as seen in Figure 6 (a). The maximum height of the hemispherical surface is 22.8mm with a diameter of 99mm with the thickness of the base material being 16mm. Fringe offset and contrast parameter were set such that a = b for maximum harmonic distortion. The FTP reconstructed surface is shown as Figure 6 (b). As can be seen the rippling effect is quite evident for the modulated parts of the image and also for the reference plane surface. This rippling of the reference plane reconstruction clearly distinguishes the temporal nature of the projected images.
